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Scaling of MOSFETs to decanano dimensions 
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TEM view of ultrathin gate oxides 
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MOSFET with 8 nm gate length 
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□ Random Dopant Fluctuations 

• Simulation approach 

• Fluctuation resistant architectures 

• The effect of the poly-Si gate 

• Quantum corrections 
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i-V characteristics of an ensemble of 50 
microscopically different Devices 
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Threshold voltage vs. number of dopants in the 
gate depletion region 
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Dopants in the depletion layer 


Potential distribution in two microscopically 
different 50x50 nm MOSFETs 



Threshold voltage asymmetry in a 50x50 nm 
MOSFET 


Threshold voltage and threshold voltage lowering 
as a function of the channel length 
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Standard deviation in the threshold voltage as a 
function of the effective channel length 
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Standard deviation in the threshold voltage as a 
function of the effective channel width 
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Standard deviation in the threshold voltage as a 
function of the doping concentration 
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□ Random Dopant Fluctuations 

I » Simulation approach 

* Fluctuation resistant architectures 
• The effect of the poly-Si gate 
• Quantum corrections 
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Standard deviation in the threshold voltage as a 
function of the thickness of the epitaxial undoped 
channel layer 
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Standard deviation in the threshold voltage as a 
function of the doping concentration in the 
epitaxial channel 
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Standard deviation in the threshold voltage as a 
function of the doping concentration behind the 
epitaxial channel 
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Standard deviation in the threshold voltage as a 
function of the 5-doping concentration Q 5 in 
epitaxial 5-doped MOSFETs 
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□ Random Dopant Fluctuations 

• Simulation approach 

• Fluctuation resistant architectures 

• The effect of the poly-Si gate 

• Quantum corrections i; “ 


Dependence of aV T on the gate doping 
concentration 
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Increase in the threshold voltage standard 
deviation associated with the single crystal silicon 
gate 
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Discrete dopants in the gate o ■ 
Continuous doping in the gate •O'— 


Simple theory d T 
Simple theory d r +0.5 L, y 
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Effect of the poly-Si gate grain boundaries 
on the threshold voltage 
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□ Random Dopant Fluctuations 

• Simulation approach 

• Fluctuation resistant architectures 

• The effect of the poly-Si gate 

• Quantum corrections 
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The density gradient approach 
(at low drain voltage) 


□ Solve self-consistently 
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Quantum mechanical threshold voltage shift as a 
function of the doping concentration 



Quantum mechanical charge distribution in the 
inversion layer 
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Potential and electron distribution in a 30x50 nm 
MOSFETs 
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Electron concentration 



Average threshold voltage as a function of the 
gate length in 50 nm wide MOSFETs 
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Random telegraph signal in a 0.15x0.97 jim 2 
MOSFET 
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Threshold voltage lowering as a function of the 
gate length in 50x50 nm MOSFETs 
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The effect of a single electron trapping on potential 
and electron concentration 
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(quantuml) 
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Relative RTS amplitude as a function of the drain 
current for a set of square MOSFETs 
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Effect of single electron trapping on the threshold 
voltage in decanano MOSFETs with square 
geometry 
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Potential distributions in a 50x50 nm MOSFETs 
(bottom). Magnitude of the RTS amplitude 
associated with a single electron trapping (top). 
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Drain current dependence of the highest RTS 
amplitudes in a 50x50 nm MOSFET with 
continuous doping and random discrete dopants 
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Distribution of the RTS amplitudes in a 50x50 nm 
MOSFET with continuous doping and random 
discrete dopants 
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Simulation of oxide thickness fluctuation effects 


Thickness fluctuations of ultrathin gate oxides 
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Si/Si0 2 interface 


Electron concentration 


Potential distribution 


» Average threshold voltage as a function of the 
average oxide thickness in a 30x30 nm MOSFET 


— - Average oxide thickness 
• Random oxide / 


L tS - 30 nm 
W' ff = 30 nm 
iV A = 5xI0 18 cm -3 
A - 12 nm 



VNWWWX 

4 

WWW 


Threshold voltage distributions for different 
correlation lengths 
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Threshold voltage standard deviation as a function 
of the oxide thickness 
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Threshold voltage standard deviation as a function 
of the correlation length 
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Conclusions 

□ When the devices are scaled to decanano dimen- 
sions the discreteness of charge and matter introdu- 
ces significant ‘intrinsic’ parameter fluctuations. 

□ Atomic level 3D process and device modelling on 
statistical scale is required to understand the effects, 
the scale of the fluctuations and to design fluctuation 
resistant devices. 
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